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SD6398/S92446 
ANDRAKA,ETAL 

HEAT PIPE WICK WITH STRUCTURAL ENHANCEMENT 

This invention was made with support from the United States Government 
under Contract DE-AC04-96AL85000 awarded by the U.S. Department of 
Energy. The Government has certain rights in this invention. 

Background of the Invewtiow 

FIELD OF THE INVENTION 

This invention pertains generally to heat pipe wicks, and more specifically to high 
perfonnance heat pipe wick structures including tiiose comprising wick materials of 90% 
or greater porosify. 

DESCRIPTION OF THE RELATED ART 

Heat pipes are used In a variety of applications requiring heat transfer 
mechanisms for transport of thermal ene^ from one location to another. Heat pipes 
accomplish energy transfer ttirough vaporizir^ a Ikfuid in a closed system near a heat 
source and recondensing the liquid at a different tocation. Typically, heat pipes include a 
wick stnjcture that wets with the woridng fluM to distribute it across a large surface area 
evaporator thereby facilitating vaporization. 

High wick penfneability offers tow fluid resistance and altows the wick to recharge 
as vapor evolves off the wtek. The result is that with greater permeability (which often is 
associated witt) high porosity), more lk)uid is supplied during application of heat, and 
flierefore, more heat can be transferred without wick dryouL An open structure made of 



very little material, however, is structurally weak. Coiwequently, wldo with high porosity 
and excellent fluid flow characteristics tend to lack durability in the at>sence of other 
mechanical support 

Typical wick structures deployed, for example, in dish Stirling solar engines, 
either powdered metallurgy or woven wire screens to provide the wicking pores. 
Although these have limited poros'rty and permeability, they usually have good structural 
and durability properties due to the large amount of intemai structure ttiey ^hibit. 
Durability is required, for example, in Stirting engines, where the liqukl to be evaporated 
(for example, molten sodiurh) is carried upward firom a reservoir through a wick by 
capillary movement. As the wick becomes toaded, the weight of the Ik^ukl in the wtek 
exerts pressure that, without sufficient support to counteract the load, can cause the wick 
to deforni or collapse. For low porosity wkdcs. the medianical load can be supported by 
the internal wtek structure, itself. However, for higher porosity wtoks, such as those 
comprising randomly-laid fine metal fibers, collapsing (or inflating, where bubbles disrupt 
wide integrity) pose a serious challenge, especially where wick lifetimes of tens of 
thousands of hours are desired. 

A need remains, therefore, for heat pipe wrick structures that exhibit high porosity 
and penneability but are durable and can withstand, over the long term, mechanical 
loads and stresses encountered during normal operation. 

Summary of the Invention 
It is an object of the present invention to provkie wick structures that include wick 
material characterized by high penneabillty in a structurally durable configuration. 



tt is another ctolett of the invention to provide a wick structure that utilizes the very 
high wicking performance of uitra-thin metal fiber mats, without structural deficiencies 
that impair long-life operation. 
It is another object of the invention to provide a wick structure that is self-priming and 
5 feult>tolerant. 

It is another object of the invention to provide a feK metal wide that is resilient to 

mechanical loads leading to defomfiation. 

These and other objects are fulfilled and satisfied by the claimed invention whteh 

includes a heat pipe wick structure characterized by a mat of high performance wicking 
10 material, such as a feK comprising randomly laid micro-thin fibers. According to the 

invention, the mat of wicking material is joined on one side to a rigkl sul>strate, and on 

the other side to a stout sheet of perforated material, serving as an exoskeleton. 

According to one embodiment, the fibers comprise stainless steel fibers of about 8 

mk:rons thickness, and the fibers are bound to each other and to the substrate and a 
15 rigid metal exoskeleton by way of sintering. Additional embodiments falling within the 

scope of the claims employ various other materials, joining means and structures 

appropriate to fulfilling the 9biectives of the invention. 

Additional advantages and novel features will become apparent to those skilled ni the art 

upon examination of the ffoltowing description or may be leamed by practice of ttie invention. The 
20 objects and advantages of ttie invention may be realized and attained by means of the 

instrumentalities and comt^nations particulariy pointed out in the appended daims. 

Description of the Figures 

The accompanying drawings, whidi are incorporated into and form part of the 
25 specification, illustrate embodiments of the invention and, together with the description, 
serve to explain the prindpies of the invention. 
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Figure 1 is a schematic illustration sirawing a cross section of a wdk structure 
assembled according to the principles of the invention. 

Figure 2a is a sdiematic illustration of a cross sedion of the inventive wick 
structure, depicted in an operational conf^uration. 
5 Figure 2b shows additional detaH over that shown in Figure 2a. 

Figures 3a and 3b illustrate an alternatives to the wick structure embodiment 
shown in Figure 2a in whtoh curved elements are used, rather than snnple planar 
elements. 

Detailed Description of the Iwventicn 

10 Accordingtotheinvention. efficient, but perhaps structurally weak wicking material 

is supported In a mechanically sound and durable sandwich-style configuration. The 
inventive heat pipe wick is <^ra(^erized by wicking material, generally in the shape of a 
stiip or mat. for exarhple, supported on one skle a substantially rigid substirate and on 
the other side by a substantially rigkl porous exoskeleton. The wtek material, substrate 

15 and porous exoskeleton are ail bonded togeUier to fonn an integrated stirudure that is 
easily manufactured in a limited number of steps, and can withstand stresses associated 
with functtoning of high perfonnance heat pipe wicks. 

Figure 1 shows a cross section of the basic elements of the inventive heat pipe 
wick structure. For convenience, this structure is illustarated in Rgure 1 according to an 

20 arbitrary horizontal orientation. Elements described in this portion of the specifteation are 
described according to their positioning relative to this arbitrary horizontal reference, 
^ueh descriptions are intended-to assist-thereader-jn-understanding-ttie positioning of 
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the various recited elements in relation to each other, n is to be understood, however, 
that an assembled device according to the description provided here can be oriented in 
space in any position which principles of operation of the device will allow. 

As illustrated in Figure 1. a substantially planar substrate 5 is provided which 
5 includes a surface 6. In a functional heat pipe, the substrate S may sen^e. for example, 
as the outer shell of the heat pipe. AfHxed to the surface 6 is wicking materiaPIO 
positioned so that it forms a layer atop the surface of the substrate. Then, affixed atop 
the wicking material 10 is shell or exoskeleton 20 comprising a planar feature 22 
including pores 25. The planar feature 22 of the exoskeleton 20 is maintained at a 

10 substantially unrfomn distance from the substrate 5, with the wick materteil 10 

therebetween, by the function of separation means 28. The separation means 28 may 
take various forms ii^cluding any number of load-bearing posts, standoffs, or beams. 
However, an uncomplicated application of this prindple of the invention is simply to 
construct the exoskeleton 20 to include edges extending at right angles (or otherwise 

1 5 outwardly) from the planar feature 22. so that the edges abut the substrate 5. Similariy. 
a single continuous edge about ttte periphery of the exoskeleton 20 may be employed in 
place of separate edges. In any case, the wick material 10 is bound both to the 
substrate 5 and to the exoskeleton 20. Because of the rigidity of the exoskeleton planar 
feature 22 combined with the mechanical support provided by the separatton means 28, 

20 the wick material 10 is supported against the mechantoal strains described eariier. This 
is possible, largely, without regard to what type of wick material is used. 

As noted, the various elements just described, including the substrate 5, the wick 
material 10 and the exoskeleton 20 need to be securely bonded together. A favorable 
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embodiment for many applications is to use a metal felt wick (e.g. comprised of stainless 
steel fibers) together with a metal (e.g., stainless steeO substrate and exoskeieton. A 
good bond can be adiieved by using a sintering process, however, this can in some 
cases be enhanced, for example, by grit blasting the surfaces of the exoskeieton and 

5 substrate prior to sintering, to enhance adhesk>n. Likewise, a thin coating of braze 
material such as electroplate nickel or electroless nickel plating can be used. 

Figure 2a illustrates a functional embodiment of the present invention. The Figure 
shows a cross section similar to that illustrated in Figure 1 , but in this instance a portion 
of a heat pipe wick structure is shown as it might be oriented, for sample, for use in a 

10 Dish Stiriing engine. The heat pipe wick structure is positioned so that a portion of it is 
immereed in a reservoir of condensed wortdng fluid 30. A substrate 5 of rigid or semi- 
r^id material is provided. As previously explained, the substrate 5 includes a surfeoe 6 
tf\at generally describes, for example, a plane or shallow curvature having a surface 
area. In the case of a Dish Stirling engine, ttie substrate is typicaHy in the fonn of a 

15 complete or partial hollow sphere, with the surface 7 defining the interior spherical 

boundary. (Figures 3a and 3b illustrate structures similar to that of Figure 2a. but instead 
depicts partial spherical components. The inventive principles are applicable to planar 
and both convex and concave orientations, as shown in tiie figures.) 

As further illustrated in Figure 2a (consistent also with Figure 3) Uie wick material 

20 10 is affixed to tiie substrate 5 in a layer that, but for its thickness, assumes generally the 
same shape as tiie planar or curved substrate S. (For simplicity of illustration, aHhough it 
is necessary in all embodiments of tiie inventk>n, the separation means desoibed in 
connection with Figure 1 is not shown in the remaining figures.) The result te a 
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sandwich-type structure wherein the wick material is supported between the substrate 
and the exoskeleton. 

The arrows in Figure 2a show that when heat (light arrows) is applied to the 
substrate 5. working flukl present in the wick materiai 10 evaporates (dark arrows) 
5 through the pores in the exoskeleton 20. Figure 2b illustrates that the condensed 
working fluM 30 travels, by way of capillary actton. upward through the wick material so 
as to pemieate all or part of the wick across a large area. Heat encountered and 
absorbed by the substrate 5 raises the temperature of the wick material 10 as well as the 
working fluid suspended therein. As a result, during operation of the heat pipe, the 

10 woridng flukl evaporates rapMly and woridng fluid vapor travels through the pores and 
away from the wick structure to another location in the heat pipe apparatus, where it 
ultimately re-condenses. In this way. heat energy transfers from one location in the heat 
pipe to another. After condensing, woridng fluid returns to the wick structure where It is 
then available for evaporation again. Various paths can be designed into the system to 

15 allow condensed woridng flukl to replenish the wick. For example, condensed woricing 
fluid may, due to the force of gravity, trickle back Into a resen/oir of woridng flukl 30. such 
as is depteted in the figure. From there, it again enters the wick as a result of capillary 
action drawing liquki into the wick. In another example, liquid returns directly to the wk:k 
via direct ducting from the location of condensation (or from another location). Yet 

20 another example includes the case wherein an extenskm of the wkdc. itself, carries flukl 
directly firom the location of condensation, thereby replenishing the wick. These and 
other fluid transport mechanisms are known to those skilled in the art of heat pipe 
manufacture and operation. In a properly functtoning system, which includes both 
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adequately porous wick material as well as a path for condensate to replenish ttie 
working fluid reservoir, the wk:k will continuously be recharged as evaporatton takes 
place. 

In one embodiment, whteh has been shown to be operational, elements of the 
entire wick structure (including the substrate, wick material and exoskeleton) were 
positioned as described herein and secured in a single sintering run at a temperature of 
about 1 100 C. In this example, stainless steel was used for both the substrate and 
exoskeleton. Stainless steel felt comprising randomly laM fibers (about 8 microns In 
thickness) was used as the wick material. In order to keep the materials from oxidizing, 
the sintering was perfomned In the absence of oxygen. In practice, this may be 
accomplished in a variety of ways, such as by performing the sintering step in either a 
vacuum or In an Inert or reducing atmosphere. The wfck structure just described was 
shown to function efficiently in a Dish Stirling engine with molten sodium. 

The approach just described illustrates another key advantage of the present 
Invention. The"exbskeleton. in addition to provkJinfiTsOpport for the wick material, 
enables self-fixturing of the mdk structure elements during the step of bonding the 
elements together. The process of sintering the assembled elements in place simplifies 
fabrication and promotes dean constructton of wick structures. Wicks that are not 
assembled using a single sintering step perfomied within a sealed system run the risk of 
being exposed to air. Air, in turn, can cause the deposition of an oxide layer on wick 
components. This, In the case of systems using sodium as the working fluid, can defeat 
or interfere with operatton of the heat pipe. Although the invention is well suited to the 
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one-step assembly and sintering just described, other methods of assembly may also be 
used and still fall within the scope and intent of the claims. 

Other embodiments are contemplated wherein other materials and bonding 
techniques are utilized, but still employing the inventive principles. For example, the use 
of wick material sandviriched between an exoskeleton shell and a substrate is beneficial 
even where wick material of less than 90% porosity is used. Accordingly, sintered 
powder wicks and others In common use can be enhanced structurally using the 
invention. Ukewise. even non-metal sfiructures. for a variety of heat pipe appltoattons 
using different woridng flukis, can be assembled according to the principles outlined in 
this disclosure. For example, plastic components including plastk: wick materials may be 
securely joined by means of various known adhesives. and used advantageously in the 
configuration of the present invention. Additionally, wick structures can be manufactured 
using wood chips or other niatural or man-made fibers or cells as wfck material. In such 
cases various agents, such as epoxy or cyanoacrylate adhesive, may be used to bond 
tfie plecSs of wk* WatefiaTtb^iadi bffienfria also to Bbrid the subs&ate~ and exoskeleton 
elements to the wick material, in these cases, bonding can be accomplished by a variety 
of methods. For example, an assembly can be pieced together and then secured in one 
step, as by dipping the entire assembly in a glue or other bonding agent Atternatively. 
pieces can be built up and bonded together In a step-by-step fashion or sequence. 

The Invention being thus described, it win be obvious that the same may be varied 
In many ways. Such variatk>n8 are not to be regarded as a departure from the spirit and 
scope of the invention, and all such modifications as would be obvious to one skilled In 
the art are intended to be included within the scope of the appended claims. It is 
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intended that the scope of the invention be defined by the claims appended hereto. The 
entire disclosures of all references, applications, patents and publications cited above 
are hereby incorporated by reference. 



10 



